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A major function of the skin is the formation of a permeability
barrier that impedes the transcutaneous movement of water and
electrolytes. This permeability barrier is required for terrestrial
life and resides in the stratum corneum, the outermost layer of
the epidermis. The stratum corneum is a distinctive two-com-
partment system with lipid enriched extracellular lamellar mem-
branes that contain free fatty acids, cholesterol, and ceramides
that account for the permeability barrier properties of the stra-
tum corneum. These lipid containing lamellar membranes are
generated by the secretion of lamellar bodies, which contain glu-
cosylceramide, cholesterol, and phospholipids, from stratum
granulosum cells in the extracellular spaces of the stratum cor-
neum. Following permeability barrier disruption by either re-
peated tape stripping, solvent extraction, or detergent treatment,
the epidermis initiates a homeostatic repair response that rapidly
restores barrier function to normal in both rodent models and in
humans. The initial step in this repair response is the immediate
secretion of a pool of preformed lamellar bodies from the outer-
most stratum granulosum cells. In conjunction with the acceler-
ated, ongoing secretion of nascent lamellar bodies, there is a
marked increase in epidermal lipid synthesis in the underlying
epidermis that generates the key lipids that are required for the
formation of new lamellar bodies. The mRNA and protein levels
and activity of a number of key enzymes in the cholesterol
(HMG CoA reductase), fatty acid (acetyl CoA carboxylase, fatty
acid synthase), and ceramide (serine palmitoyltransferase) biosyn-
thetic pathways increase following barrier perturbation. The im-
portance of the synthetic response is shown by the observation
that inhibition of either cholesterol, fatty acid, or ceramide synth-
esis prevents the formation of new lamellar bodies and delays bar-
rier recovery.
Yet, the signals that initiate and regulate the homeostatic repair
response following barrier disruption are still not well under-
stood.Water movement is one important regulator because occlu-
sion with a water impermeable membrane immediately
following barrier disruption prevents barrier repair, while occlu-
sion with a water permeable membrane allows repair to proceed.
Changes in the epidermal calcium gradient also regulate compo-
nents of the repair response. In normal epidermis there is a cal-
cium gradient with high levels of calcium in the stratum
granulosum layer and decreasing levels of calcium as one pro-
gresses towards the basal layer. Following barrier disruption the
high levels of calcium surrounding the stratum granulosum cells
markedly decrease. Several experimental models have shown that
this decrease in calcium stimulates lamellar body secretion, initi-
ating the barrier repair response. In this issue there are three
manuscripts that provide further insights regarding the mechan-
isms and regulation of permeability barrier homeostasis.
In the ¢rst paper, Stachowitz and colleagues demonstrate that
permeability barrier disruption by tape stripping produces an in-
crease in serine palmitoyltransferase protein and mRNA levels in
human epidermis. Serine palmitoyltransferase is the enzyme that
catalyzes the ¢rst committed step in the biosynthesis of cera-
mides, and hence is a very important site of regulation in the
synthesis of ceramides. This manuscript extends previous studies
demonstrating an increase in epidermal lipid synthesis and lipid
synthesizing enzymes in rodent models. This is the ¢rst study de-
monstrating that following barrier disruption in humans an in-
crease occurs in a key enzyme in the biosynthesis of ceramides,
an essential lipid that is required for lamellar body formation.
Since the human results parallel earlier studies in rodents these
results suggest that the extensive observations in rodent models
demonstrating the increased expression of lipid biosynthetic
enzymes following barrier disruption accurately re£ects the
biochemical responses that occur in humans during barrier
repair.
In the second paper, Denda and colleagues demonstrate ¢rst,
that gamma-aminobutyric acid (GABA) receptors (Type A) are
present in the epidermis of hairless mice. This receptor is a li-
gand-gated chloride ion channel that plays an important role in
polarizing cell membranes. They further demonstrate that GABA
(A) receptor agonists, but not GABA (B) receptor agonists, accel-
erate barrier repair following barrier disruption. This study is the
¢rst evidence linking GABA receptors and GABA signaling with
barrier homeostasis. Whether GABA agonists will prove to be
useful therapeutic agents remains to be determined. Although
the mechanisms by which GABA receptor agonists stimulate bar-
rier repair are unknown, one can reasonably predict that future
studies will address this issue.
In the third paper, Denda and colleagues examine the role of
ATP (purinergic) agonists and antagonists on barrier homeosta-
sis. Two families of ATP receptors exist; i.e. P2X and P2Y, and
the present study demonstrates that P2X is expressed in mouse
epidermis. Furthermore, treatment with P2X receptor antago-
nists accelerates, while treatment with agonists delays barrier re-
covery following acute perturbations. In contrast, P2Y receptor
antagonists did not a¡ect barrier homeostasis. Furthermore, dis-
ruption of the barrier increased the secretion of ATP from skin
explants in organ culture. Lastly, P2X agonists increased intracel-
lular calcium levels in keratinocytes which may account for their
inhibition of barrier repair.Whether P2X antagonists or agonists
will be useful therapeutic agents to treat diseases associated with
abnormalities of barrier homeostasis remains to be determined.
Additionally, the mechanisms linking P2X receptors and barrier
homeostasis are unclear, but will likely be the subject of future
studies. Together, these three studies increase our understanding
of the metabolic and regulatory pathways that allow for normal
barrier homeostasis, and they provide a framework for future stu-
dies to further dissect the mechanisms that regulate permeability
barrier homeostasis.
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